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(57) ABSTRACT

Software for reclaiming a storage medium. The software
determines that a first storage medium storing data 1n a linear
tape file system (LTFS) format meets a predetermined
condition 1indicating that the first storage medium should be
reclaimed. Responsive to reading requested data from the
first storage medium, and responsive to determining that the
first storage medium meets the predetermined condition, the
soltware writes the requested data to a second storage
medium 1n the LTFS format. Subsequent to writing the
requested data to the second storage medium, the software
reconciles the first storage medium to delete expired data.
Subsequent to reconciling the first storage medium, the
software explicitly reclaims remaining data on the first
storage medium to the second storage medium 1n the LTES
format.

20 Claims, 7 Drawing Sheets
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1
RECLAMATION OF STORAGE MEDIUM

BACKGROUND

The present mvention generally relates to storage sys-
tems, and more particularly to reclamation of storage media
in storage systems.

A linear tape file system (LTFS) 1s software that allows for
performing standard file operations to tape media (a type of
sequential access media) and providing an intuitive interface
to users to manipulate files or directories on the tape media.
Several implementations of LTFS have been developed for
tape drives and tape libraries. Hierarchical storage systems
integrating a clustered file system with LTFS have been also
developed, in which part of files 1n the clustered system are
stored on tape media 1n the LTFS format.

Although LTFS can present tape media as disk-like
drives, a tape medium may not allow for random accessing
as the tape medium 1s sequential 1n nature. New data may be
appended to the tape medium. Data deletions may just erase
pointers to the data. As such, space on the tape medium that
1s occupied by deleted data may not be reused during normal
operations.

Reclamation 1s a process by which active data on one or
more tape media are consolidated onto another tape medium
by reading the active data stored 1n a source tape medium
and writing the read data into a destination tape medium.
The reclamation process can be performed so that all active
data stored in the source tape medium with low usage is
moved to another tape medium to mmprove overall tape
usage, for mstance. The reclaimed tape medium becomes a
scratch tape where no active data remains and can be
reformatted to reuse. The reclamation can be performed so
that all active data stored in the source tape medium 1s
moved to another tape medium that has different recording,
density and/or different transfer rate due to difference in
generations between these tape media, for example.

SUMMARY

According to an aspect of the present invention, there 1s
a method, computer program product and/or system {for
reclaiming a storage medium by performing the following
operations (not necessarily 1n the following order): (1) deter-
mimng that a first storage medium storing data in a linear
tape file system (LTFS) format meets a predetermined
condition 1ndicating that the first storage medium should be
reclaimed, wherein the predetermined condition 1s a policy
based, at least in part, on a generation of the first storage
medium and on a utilization of the first storage medium, and
wherein the predetermined condition 1s met when the gen-
eration of the first storage medium 1s older than a first
predetermined threshold and when a percentage of valid
capacity for valid files to a total tape capacity of the first
storage medium 1s below a second predetermined threshold;
(11) responsive to reading requested data from the first
storage medium, and responsive to determining that the first
storage medium meets the predetermined condition, writing
the requested data to a second storage medium 1n the LTEFS
format, wherein the second storage medium 1s selected
based, at least 1n part, on a generation of the second storage
medium, wherein the generation of the second storage
medium 1s newer than the generation of the first storage
medium; (111) subsequent to writing the requested data to the
second storage medium, reconciling the {first storage
medium to delete expired data; and (1v) subsequent to
reconciling the first storage medium, explicitly reclaiming
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remaining data on the first storage medium to the second
storage medium in the LTFS format, wherein a time required
for explicitly reclaiming 1s reduced due to the requested data
having already been written to the second storage medium,

and due to the deleted expired data not having to be written
to the second storage medium.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

The subject matter, which 1s regarded as the 1invention, 1s
particularly pointed out and distinctly claimed in the claims
at the conclusion of the specification. The forgoing and other
features and advantages of the invention are apparent from
the following detailed description taken 1n conjunction with
the accompanying drawings 1n which:

FIG. 1 shows an overview of a hierarchical storage system
according to an example embodiment of the present inven-
tion;

FIG. 2 depicts a node comprising a cluster of the hierar-
chical storage system according to the example embodiment
of the present invention;

FIG. 3 1illustrates a block diagram of the hierarchical
storage system according to the example embodiment of the
present 1nvention;

FIG. 4 1s a flowchart depicting a novel reclamation
process triggered by a read request according to the example
embodiment of the present invention;

FIG. 5 illustrates schematically the novel reclamation
process triggered by the read request according to the
example embodiment of the present invention;

FIG. 6 illustrates occupation time required for an explicit
standard reclamation process without performing the novel
reclamation process; and

FIG. 7 1illustrates occupation time required for the novel
reclamation processes triggered by the read requests fol-
lowed by the explicit standard reclamation process accord-
ing to the example embodiment of the present invention.

DETAILED DESCRIPTION

During the reclamation process, two drives may be occu-

pied for reading from the source storage medium and for
writing to the destination storage medium. Considerable
time may be required for the reclamation due to their
sequential nature. Thus, what 1s needed are methods, storage
systems and computer program products capable of reducing
drive occupation time dedicated for reclamations in the
storage system.
The present mvention will be described using particular
embodiments, and the embodiments described hereafter are
understood to be only referred to as examples and are not
intended to limit the scope of the present invention.

One or more embodiments according to the present mnven-
tion are directed to methods, storage systems and computer
program products for reclaiming a storage medium 1n the
storage systems.

Now, referring to the series of FIGS. 1-5, there 1s shown
a hierarchical storage system with disk and tape tiers, and a
method for reclaiming a tape medium in the hierarchical
storage system according to an example embodiment of the
present 1nvention.

Referring to FIG. 1, an overview of the hierarchical
storage system 100 1s shown. The hierarchical storage
system 100 includes a cluster 110 with one or more nodes
112-1 through 112-M to provide a file system that allows for
performing file operations to the hierarchical storage system
100.
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As shown 1n FIG. 1, the hierarchical storage system 100
may 1nclude a shared disk array 120 that includes one or
more disk caches 122-1 through 122-N. Fach node 112 in
the cluster 110 may be connected to the disk cache 122 in the
shared disk array 120 via a SAN (Storage Area Network)
tabric 102. The SAN fabric may include, but 1s not limited
to, FC (Fibre Channel)—SAN based on a fiber channel
network and/or IP (Internet Protocol)—SAN based on TCP
(Transmission Control Protocol)/IP network with LAN (Lo-
cal Area Network) switches.

The nodes 112 may share the disk caches 122. The node

112 can access the disk cache 122 via the SAN fabric 102

and also provide indirect file access to other nodes that do
not connect to the SAN fabric 102. The file system distrib-
uted to the one or more nodes 112 1n the cluster 110, to
which plurality of nodes (may include client nodes) can
access, 1s called a clustered file system or a distributed
parallel file system. The clustered file system can provide a
global namespace, a striping functionality to stripe input and
output over the nodes and an information lifecycle manage-
ment (ILM) functionality.

The clustered file system may include, but 1s not limited
to, GPFS (General Parallel File System), GFS (Global File
System), OCFS (Oracle Cluster File System), Luster, Glus-
terE'S, etc. (Note: the term(s) “GPFS,” “General Parallel File
System,” “Oracle,” “Luster,” and/or “GlusterF'S” may be
subject to trademark rights 1in various jurisdictions through-
out the world and are used here only 1n reference to the
products or services properly denominated by the marks to
the extent that such trademark rights may exist.)

The hierarchical storage system 100 may further include
a tape library 130. The tape library 130 includes one or more
tape drives 132 and one or more tape media 134. Any tape
medium 134 may correspond to a storage medium for both
source and destination. Each node 112 in the cluster 110 may
be connected to the tape library 130 via SAN {fabric, FC
LVD (Low Voltage Diflerential) SCSI (Small Computer
System Interface) or SAS (Sernial Attached SCSI) cables.
The tape library 130 may include a plurality of tape drives
132 to enable the plurality of nodes 112 to access a set of the
tape media 134 simultaneously. The tape drive 132 may be
occupied by the node at a point in time and may be used
alternately. In this embodiment, the tape drives 132 accept
preferably LTO (Linear Tape-Open) Ultrium 5 or later tape
media, which support LTFS. (Note: the term(s) “LTO,”
“Linear Tape-Open,” and “Ultrtum” may be subject to
trademark rights in various jurisdictions throughout the
world and are used here only in reference to the products or
services properly denominated by the marks to the extent
that such trademark rights may exist.)

The tape library 130 1s managed by a tape file system such
as LTFS (Liner Tape File System) and integrated to the
clustered file system, so that at least part of data 1n the shared
disk array 120 is stored on tape media 134 1n the tape library
130. Files may migrate from the shared disk array 120 to the
tape library 130 based on a predetermined migration policy.

The hierarchical storage system 100 may further include
a control terminal 140. The control terminal 140 1s a terminal
device which an administrative user can operate to 1ssue a
manual request and to specily settings of the hierarchical
storage network. By using the control terminal 140, the
administrative user can specily settings ol a novel reclama-
tion process according to the example embodiment of the
present invention, which will be described 1n more detail
below. The administrative user can also i1ssue a manual
request and specilty schedules or policies for other function-
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4

alities of the hierarchical storage system 100 such as migra-
tion, recall, standard reclamation, reconciliation, file place-
ment, file management, etc.

As shown 1n FIG. 1, in the example embodiment, the
nodes 112-1 through 112-M are described to be connected to
the disk caches 122-1 through 122-N 1n the shared disk array
120 and the nodes 112-1 through 112-L are described to be
connected to the tape drives 132-1 through 132-L in the tape
library 130. However, the configuration of the hierarchical
storage system 100 shown i FIG. 1 1s only an example of
a typical storage system and 1s not intended to suggest any
limitation.

For istance, in a particular embodiment, the shared disk
array may be divided to one or more online storages and one
or more nearline storages to construct a three or more tiered
architecture. In another particular embodiment, the hierar-
chical storage system may further include a flash storage tier
on top of the hierarchical storage system. In other embodi-
ments, the storage system may have merely one node, one
disk cache and one tape drive to construct a hierarchical
storage system. In other embodiments, another type of a
sequential access medium may be used as a storage medium
for both source and destination 1n place of or 1n addition to
the tape medium.

Referring now to FIG. 2, a schematic of an example of a
node 1s shown. The node 112 1s only one example of a
suitable node and 1s not intended to suggest any limitation as
to the scope of use or functionality of embodiments of the
invention described herein. Regardless, the node 112 1s
capable of being implemented and/or performing any of the
functionality set forth hereimnabove.

The node 112 1s operational with numerous other general
purpose or special purpose computing system environments
or configurations. Examples of well-known computing sys-
tems, environments, and/or configurations that may be suit-
able for use with the node 112 include, but are not limited
to, personal computer systems, server computer systems,
thin clients, thick clients, hand-held or laptop devices,
multiprocessor systems, microprocessor-based systems, set
top boxes, programmable consumer electronics, network
PCs, minicomputer systems, mainframe computer systems,
and distributed cloud computing environments that include
any of the above systems or devices, and the like.

The node 112 may be described in the general context of
computer system-executable instructions, such as program
modules, being executed by a computer system. Generally,
program modules may include routines, programs, objects,
components, logic, data structures, and so on that perform
particular tasks or implement particular abstract data types.

As shown 1n FIG. 2, the node 112 1s shown 1n the form of
a general-purpose computing device. The components of the
node 112 may include, but are not limited to, one or more
processors (or processing units) 10 and a memory 12 opera-
tively coupled to the processors 10 by a bus including a
memory bus or memory controller, and a processor or local
bus using any of a variety of bus architectures.

The node 112 typically includes a variety of computer
system readable media. Such media may be any available
media that 1s accessible by the node 112, and 1t includes both
volatile and non-volatile media, and removable and non-
removable media.

The memory 12 can include computer system readable
media in the form of volatile memory, such as random
access memory (RAM). The node 112 may further include
other removable/non-removable, volatile/non-volatile com-
puter system storage media. By way of example only, the
storage device 14 can be provided for reading from and
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writing to a non-removable, non-volatile magnetic media.
Although not shown, a magnetic disk drive for reading from
and writing to a removable, non-volatile magnetic disk (e.g.,
a “floppy disk™), and an optical disk drive for reading from
or writing to a removable, non-volatile optical disk such as
a CD-ROM, DVD-ROM or other optical media can be
provided. In such instances, each can be connected to a bus
by one or more data media interfaces. As will be further
depicted and described below, the storage device 14 may
include at least one program product having a set (e.g., at
least one) of program modules that are configured to carry
out the functions of embodiments of the mvention.

Program/utility, having a set (at least one) of program
modules, may be stored in the storage device 14 by way of
example, and not limitation, as well as an operating system,
one or more application programs, other program modules,
and program data. Each of the operating system, one or more
application programs, other program modules, and program
data or some combination thereof, may include an 1mple-
mentation of a networking environment. Program modules
generally carry out the functions and/or methodologies of
embodiments of the mvention as described herein.

The node 112 may also communicate with one or more
peripherals such as a keyboard, a pointing device, etc.; a
display; one or more devices that enable a user to interact
with the node 112; and/or any devices (e.g., network card,
modem, etc.) that enable the node 112 to communicate with
one or more other computing devices via SAN fabric 102.
Such communication can occur via Input/Output (1/O) inter-
faces 18. Still yet, the node 112 can communicate with one
or more networks such as a local area network (LAN) 104,
a general wide area network (WAN), and/or a public net-
work (e.g., the Internet) via the network adapter 16. As
depicted, the network adapter 16 communicates with the
other components ol the node 112 via bus. It should be
understood that although not shown, other hardware and/or
soltware components could be used 1n conjunction with the
node 112. Examples include, but are not limited to: micro-
code, device drivers, redundant processing units, external
disk drive arrays, RAID systems, tape drives, and data
archival storage systems, etc. The node 112 may be inter-
connected with other node(s) via a host channel adapter
(HCA) such as InfimiBand. (Note: the term(s) “InfiniB and”
may be subject to trademark rights 1n various jurisdictions
throughout the world and are used here only 1n reference to
the products or services properly denominated by the marks
to the extent that such trademark rights may exist.)

Hardware and/or software components of the tape library
130, the tape drives 132, the control terminal 140 may
include, similar to the node 112 shown in FIG. 2, a proces-
sor, a memory, a read only memory, a network adopter, and
an I/O interface, not shown 1n the drawings.

Referring now to FIG. 3, a block diagram of the hierar-
chical storage system 100 1s illustrated. As shown 1n FIG. 3,
the hierarchical storage system 100 includes a computer
system 200 connected to the shared disk array 120 and the
tape library 130. The computer system 200 may include the
nodes 112 1n the cluster 110 shown 1n FIG. 1 and FIG. 2.

In the storage system with the tape tier, because new data
may be appended to the tape medium and file deletions may
just erase pointers to the data, there may be provided a
reclamation function to free up tape space that 1s occupied
by deleted files and may not be reused during normal
operations.

As described above, during the standard reclamation
process, two tape drives may be occupied for reading from
a source tape medium and for writing to a destination tape
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medium. Thus, considerable drive occupation time may be
required for the reclamation due to their sequential nature.
Although time required for the standard reclamation may
depend on the number of files, total size of the files, and
positions of the files 1n the tape medium, it 1s known that the
standard reclamation of 300 files of 10 MB spread over the
entire tape medium may take three hours or more, for
example. Therefore, there are needed methods, storage sys-
tems and computer program products capable of reducing
drive occupation time dedicated for reclamations.

In one or more embodiments according to the present
invention, a novel reclamation function 1s 1incorporated into
the storage system. A process of the novel reclamation
function 1s triggered by receiving a read request to a target
file m the storage system. During the novel reclamation
process, 1n response to receiving the read request to the
target file, the computer system 200 determines whether the
tape medium storing the target file meets a predetermined
condition, and manages writing of the target file onto a
destination tape medium 1f the tape medium, that i1s deter-
mined to store the target data, meets the predetermined
condition.

By virtue of the novel reclamation function according to
one or more embodiments of the present invention, the
reading of the target data triggered by the read request can
be diverted as a part of the reclamation. Thus, the drive
occupation time dedicated for the reclamation can be
reduced since at least portion of data 1n the storage system
has been already reclaimed before the standard reclamation
and no further reading for this data portion 1s necessary.

For this purpose, in the example embodiment, the com-
puter system 200 includes a clustered file system module
210, a storage management module 220, a read-triggered
reclamation module 230, and a tape {file system module 240,
as shown i FIG. 3.

The clustered file system module 210 may be a software
component that manages the clustered file system 1n the
hierarchical storage system. In the example embodiment, the
clustered file system module 210 i1s configured to receive a
read request from a requestor to target file (including also
directories) i1n the hierarchical storage system 100 and
respond the requested target file to the requestor of the read
request. The requestor may be any application soiftware or
system software that can access the clustered file system.

The storage management module 220 may be a software
component that provides integration of the clustered file
system managed by the clustered file system module 210
with the tape file system managed by the tape file system
module 240. The storage management module 220 manages
migration and recall activities 1n the hierarchical storage
system. The storage management module 220 enables
migration of files from the clustered file system (the disk
tier) to the tape tier and recall of the migrated files when the
migrated files are accessed.

In the example embodiment, the storage management
module 220 1s configured to recall the target file from the
tape tier to the disk tier 1t not the disk tier but the tape tier
1s determined to store the target file. During the recall of the
target file, the storage management module 220 manages
reading of the target file from the source tape medium and
storing of the target file onto the disk tier.

The tape file system module 240 may be a software
component that allows for performing file operations to the
tape media and providing an interface to manipulate files on
the tape media in the tape library 130. The tape file system
module 240 may accesses space on the tape media through
their file system interface and handles data as file objects and
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associated metadata. The tape library 130 1s mounted
entirely as a file system, and the tape media 134 1n the tape
library 130 may be accessed as subdirectories under a mount
point of the tape library 130.

Functions including migration, premigration, recall, stan-
dard reclamation, and reconciliation in the hierarchical stor-
age system will now be described.

Migration 1s a process 1n which {files are moved from the
clustered file system on disk tier to the tape media on the
tape tier, which leaves behind a small stub file on the disk
tier. Premigration 1s a process in which files are moved from
the clustered file system on disk tier to the tape media on the
tape tier without replacing the file body with stub file on the
disk tier. Identical copies of the files are on the clustered file
system and 1n the tape file system. Recall 1s a process 1n
which the migrated files are moved from the tape media back
to the originating clustered file system on disk tier.

The files newly added to or the files overwritten to the
hierarchical storage system may initially be only on the disk
tier, thus the file state 1s initially “resident”. The file may be
migrated to the tape tier by the migration process, after
which the file 1s a stub on the disk and the IDs of the tapes
storing the copies are written to metadata. The file state of
such file 1s referred as “migrated”. The file may be recalled
from the tape tier by recall when an application attempts to
read from the file. The file state of such file both on the disk
and tape tiers 1s referred as “premigrated”. Also, the file may
be premigrated to the tape tier by running premigration
process.

Reconciliation 1s a process 1n which clustered file system
1s synchronized with contents of the tape media and old and
obsolete objects are removed from the tape medium. Rec-
onciliation may be executed when files in the clustered file
system are deleted, moved, or renamed.

Standard reclamation 1s a process in which a tape medium
1s defragmented. The process of the standard reclamation
frees up space on a tape medium that 1s occupied by deleted
files. The standard reclamation may be performed to the tape
medium before the tape medium being removed or exported
so as to ensure that no files remain on the tape medium when
it 1s removed or exported.

The reconciliation and the standard reclamation are rec-
ommended to periodically schedule during ofl-peak hours
for examples.

Hereinafter, the novel reclamation function according to
the example embodiment of the present mvention will be
described 1n detail by referring FIG. 3-5.

The read-triggered reclamation module 230 may be a
software component that provides the novel reclamation
function according to the example embodiment of the pres-
ent mnvention. The read-triggered reclamation module 230 1s
configured to perform processing of the read-triggered rec-
lamation function 1n response to receiving the read request
to the target file. Durning the processing, the read-triggered
reclamation module 230 determines whether the source tape
medium storing the target file meets the predetermined
condition and manages writing of the target file onto a
destination tape medium if the source tape medium meets
the predetermined condition. After the target file 1s written
on the destination tape medium, the read-triggered reclama-
tion module 230 may manage to update metadata informa-
tion of the target file i the hierarchical storage system so
that the destination tape medium 1s pointed for the target file.
The metadata information may be included 1n an mode of the
clustered file system and/or an index of the tape file system.

The predetermined condition for the read-triggered rec-
lamation may include a policy based on an attribute of the
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source tape medium. The attribute of the tape medium may
include a generation of the tape medium, remaining capacity
of the tape medium and/or utilization of the tape medium.
For example, the reclamation processing for the target file
may be performed merely when the source tape medium 1s
an older generation than a predetermined threshold. For
example, the reclamation processing for the target file may
be performed merely when the source tape medium has
remaining capacity lower than a predetermined threshold
and/or utilization lower than a predetermined threshold. The
remaining capacity may be defined as a percentage of
available capacity to the total tape capacity of the tape
medium. The utilization may be defined as a percentage of
valid capacity for the valid files to the total tape capacity of
the tape medium.

The read-triggered reclamation module 230 may be fur-
ther configured to select the destination tape medium from
among a tape media pool (or a “set” of tape media). In an
embodiment, selection of the tape medium can be done
based on the generation of the tape medium, timing of the
read request, frequency of access to the target file, and/or
frequency distribution of timing of access to the target file.
For example, a tape medium with a latest generation can be
selected as the destination tape medium. For mstance, one or
more tape media are prepared for each day of week and the
destination tape medium can be selected by a day of week
when the read request 1s 1ssued. For instance, the destination
tape medium can be selected so that more frequently
accessed files are consolidated on specific tape medium for
frequent access and less frequently accessed files are con-
solidated on other specific tape medium for less frequent
access.

Referring to FIG. 4, a flowchart depicting the novel
reclamation process triggered by the read request 1s shown.
As shown 1 FIG. 4, process begins at step S100. Note that
the process shown in FIG. 4 may be performed by the node
112 allocated to handle the read request in response to
receiving the read request to the target file.

At step S101, the node 112 determines whether the
requested target file 1s stored on the disk tier, by the clustered
file system module 210. If the node 112 determines that the
target file 1s not stored on the disk tier 1n step S101 (NO),
then the process proceeds to step S102. When the file state
of the target file 1s “migrated”, the target file 1s determined
to be not stored on the disk tier. At step S102, the node 112
manages to read the target file from the source tape medium
by the tape file system module 240. If the recall of the target
file 1s necessary, the storage management module 220 may
be notified from the clustered file system module 210 to
recall from the tape {file system module 240.

At step S103, the node 112 stores the read target file onto
the disk tier by the clustered file system module 210 that
receives the read target file from the tape file system module
240 so as to complete a recall of the target file. Then the
process proceeds to step S104. By the steps S102 and S113,
the target file 1s recalled from the tape medium to the disk
tier. After that, the application can access the file that 1s
copied from the tape medium to the disk tier, similar to the
way that 1t can access other files originally stored in the disk
cache 122.

I1 the node 112 determines that the target file 1s stored on
the disk tier 1 step S101 (YES), then the process proceeds
directly to step S104. When the {ile state of the target file 1s
“premigrated” or “resident”, the target file 1s determined to
be stored on the disk tier. At step S104, the node 112
responds to the requestor of the read request with the target
file, by the clustered file system module 210.
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At step S105, the node 112 determines whether the target
file 1s being stored on the tape medium 134 by the clustered
file system module 210. If the node 112 determines that the
target file 1s not stored on the tape medium 134 1n step S105
(NO), then the process proceeds directly to step S110 and
ends at step S110. When the file state of the target file 1s
“resident”, the target file 1s determined to be not stored on
the tape medium 134.

If the node 112 determines that the target file 1s stored on
the tape medium 134 1n step S105 (YES), then the process
branches to step S106. When the file state of the target file
1s “migrated” or “premigrated”, the target file 1s determined
to be stored on the tape medium 134. The read-triggered
reclamation module 230 may be notified from the clustered
file system module 210 to perform further determination
whether the reclamation processing 1s necessary for the
target file.

At Step S106, the node 112 determines whether the
predetermined condition 1s satisfied for the source tape
medium that stores the target file, by the read-triggered
reclamation module 230.

In a particular embodiment, the condition may be a policy
based on the generation of the tape medium. If the genera-
tion of the source tape medium 1s older than the predeter-
mined threshold of the generation, then the condition may be
determined to be satisfied. In another particular embodi-
ment, the condition may be a policy based on remaining
capacity and utilization of the tape medium. If both the
remaining capacity and utilization of the source tape
medium are lower than the corresponding predetermined
thresholds, respectively, then the condition may be deter-
mined to be satisfied. Presenting low remaining capacity in
spite of low utilization 1ndicates presence of a considerable
amount of deleted files on the tape medium. Such tape
medium may be preferred to be reclaimed.

If the node 112 determines that the predetermined condi-
tion 1s satisfied for the target file 1n step S106 (YES), then
the process branches to step S107. At step S107, the node
112 selects the destination tape medium by the read-trig-
gered reclamation module 230. In an embodiment, selection
of the tape medium may be performed based on the gen-
cration of the tape medium, timing of the read request,
frequency of access to the target file, and/or frequency
distribution of timing of access to the target file.

At step S108, the node 112 manages to write the target file
onto the destination tape medium by the tape file system
module 240. The node 112 can utilize data of the target file
on the memory that 1s stored 1n response to recalling of the
target file 11 available. Otherwise, the node 112 can read
from the disk tier. A time lag between occurrence of the read
request and the actual writing of the target file may be
allowed. Recalls may have higher priority than write opera-
tions for the read-triggered reclamation. If there i1s another
recall request for a file on the tape medium that 1s being
reclaimed, the writing 1s suspended for the recall. After the
recall 1s complete, the reclamation process may resume to
perform the writing of the target file.

At step S109, the node 112 updates metadata information
of the target file. The metadata information in the hierarchi-
cal storage system 1s modified to point the destination tape
medium 1n place of the source tape medium for the target
file. Then, the process ends at step S110 and waits for a next
read request. If the node 112 determines that the predeter-
mined condition 1s unsatisfied in step S106 (NO), then the
process branches directly to step S110.

Referring to FIG. 5, the novel reclamation process trig-
gered by the read request 1s schematically 1llustrated. In this
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example, a source tape medium 310X satisfies the predeter-
mined condition because the generation of the source tape
medium 310X i1s older than the predetermined threshold.
Tape medium 320 1s assumed to be selected for destination
of each novel read-triggered reclamation processing and the
explicit standard reclamation process. Of course, this 1s an
example for convenience, and the destination tape medium
may be selected each time that processing for the reclama-
tion 1s performed.

In FIG. 5, light gray region represents iree space on the
tape medium. Dark gray region represents space occupied by
deleted file and the white region represents space occupied
by currently valid file. A number 1s assigned to each valid
region for file 1dentification, for convenience.

As shown 1n FIG. 5, valid files on the source tape medium
310X are reclaimed to the destination tape medium 320 one
alter another 1n response to receiving each read request. In
this example, the files of “file-5, “file-37, “file-17, “file-7”
and “file-10” are reclaimed by the read-triggered reclama-
tion. The sequence of the reclamation processing for these
files may not be dependent on the sequence of positions on
the tape medium and may be dependent on the sequence of
read request.

In many use cases, a retention period may be defined to
cach digital document for meeting legal data archival
requirements. In such use case, files that are read, overwrit-
ten or created within a given period may be required to be
stored persistently while files that are not accessed within
the given period can be deleted due to expiration of data. In
such case, obsolete files on the tape medium 310X, that are
deleted from the clustered file system but still remains on the
tape medium, can be deleted from the tape medium 310X by
reconciling the tape medium 310X before the explicit stan-
dard reclamation. In this example, the files of “file-2”,
“file-6” and “file-9” are deleted by the reconciliation pro-
Cess.

By the standard reclamation to the tape medium 310X,
remaining valid files on the tape medium 310X are
reclaimed collectively, thereby obtaining a scratch tape
medium 310Y. In this example, the remaining files of
“file-4 and “file-8” are reclaimed by the standard reclama-
tion process during off-peak hours for examples. The
obtained scratch tape medium 310Y can be reused in the
storage system or removed from the storage system. Refor-
matting of the scratch tape medium 310 Y can provide an
empty tape medium 3107 for reuse.

Regarding the LTO format, tape drives are designed to
support: (1) reading of data from a tape medium of the tape
drive’s own generation and two prior generations; and (11)
writing of data to a tape medium of the tape drive’s own
generation and one prior generation format. However, the
tape drives are not capable of reading or writing of a tape
medium 1n a format earlier than these generations. There-
fore, the reclamation from an older-generation tape medium
to a newer-generation tape medium may be requested for
long term preservation of digital contents.

By virtue of the novel reclamation function according one
or more embodiments of the present invention, 1n a particu-
lar use case where {iles that are not accessed within the given
period are deleted, all necessary valid data can be persis-
tently stored in the hierarchical storage system without the
need for an explicit reclamation request to tape media.

Referring to FIG. 6 and FIG. 7, occupation time required
for an explicit standard reclamation process without and
with performing the novel reclamation process are illus-
trated, respectively. In FIG. 6 and FIG. 7, periods of read and
write access are schematically 1llustrated along a time axis.
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The period represented by white 1s corresponded to an
access merely for a corresponding read request. The period
represented by dark gray corresponds to an access dedicated
for reclamation. The period represented by light gray cor-
responds to an access for both the read request and the novel
read-triggered reclamation. A number 1s assigned to each
period for file identification.

By comparing FIG. 7 with FIG. 6, the drive occupation
time required for the explicit standard reclamation can be
reduced by utilizing the reading of the target data in response
to the read request as a part of the reclamation by using the
novel read-triggered reclamation process according to one or
more embodiment of the present invention. At least a portion
of data 1n the hierarchical storage system may have been
already reclaimed before the standard reclamation and no
turther reading for this data portion may be necessary. Also,
overall drive occupation time required for all read operations
may be shortened.

Even 1n the case where all files are persistently stored
regardless of whether or not each {file 1s accessed, the time
required for the standard reclamation to a tape medium can
be reduced.

As described above, the read request 1s described as the
trigger for the novel reclamation and the destination tape
medium 1s described as destination for the reclamation
processing. However, as a matter of course, a tape medium
other than the source tape media that meets a predetermined
condition can be selected for destination to which newly
created files or overwritten {files 1n the storage system are
migrated. Such placement and management policies may
help to reduce the drive occupation time required to perform
the explicit standard reclamation.

According to an embodiment of the present invention,
there 1s provided a method for reclaiming a storage medium
in a storage system by a computer system. The method
comprises receiving a read request to target data in the
storage system. The method comprises further reading the
target data from a first storage medium that 1s determined to
store the target data and responding the target data to a
requestor of the read request. The method further comprises
determining whether the first storage medium storing the
target data meets a predetermined condition and writing the
target data onto a second storage medium for reclamation in
response to determining that the first storage medium meets
the predetermined condition.

According to another embodiment of the present mnven-
tion, there 1s provided a storage system for reclaiming a
storage medium 1n the storage system. The storage system
comprises a file system module configured to receive a read
request to target data 1n the storage system and respond the
target data to a requestor of the read request. The storage
system comprises further a storage management module
configured to manage reading of the target data from a first
storage medium that 1s determined to store the target data.
The storage system further comprises a reclamation module
configured to determine whether the first storage medium
storing the target data meets a predetermined condition 1n
response to the read request and manage writing of the target
data onto a second storage medium 1f the first storage
medium meets the predetermined condition.

According to another embodiment of the present mnven-
tion, there 1s provided a computer program product for
reclaiming a storage medium in a storage system. The
computer program product comprises a computer readable
storage medium having program instructions embodied
therewith. The program instructions comprise computer-
executable program code to receive a read request to target
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data in the storage system. The program instructions com-
prise computer-executable program code to read the target
data from a first storage medium that 1s determined to store
the target data. The program 1instructions further comprise
computer-executable program code to respond the target
data to a requestor of the read request. The program instruc-
tions comprise computer-executable program code to deter-
mine whether the first storage medium storing the target data
meets a predetermined condition. The program instructions
further comprise computer-executable program code to
write the target data onto a second storage medium for
reclamation in response to determining that the first storage
medium meets the predetermined condition.

In some embodiments, the method, storage system, and/or
computer program product of the present invention further
comprises updating metadata information of the target data
in the storage system, 1n response to the writing, so as to
point the second storage medium for the target data.

In some embodiments, the storage system 1s a hierarchical
storage system that includes a tape tier having the first
storage medium and the second storage medium, and one or
more upper tiers above the tape tier, and the method further
comprises: storing the target data onto at least one upper tier,
in response to the reading, so as to complete a recall of the
target data from the tape tier to the at least one upper tier.

In some embodiments, the predetermined condition
includes a policy based on an attribution of the first storage
medium storing the target data.

In some embodiments, the attribution of the first storage
medium includes a generation of the first storage medium.

In some embodiments, the attribution of the first storage
medium 1ncludes remaining capacity or utilization of the
first storage medium.

In some embodiments, the method, storage system, and/or
computer program product of the present invention further
comprises selecting the second storage medium from among
the storage medium pool based on a generation of the
storage medium, timing of the read request, frequency of
access to the target data, and/or frequency distribution of
timing of access to the target data.

In some embodiments, the method, storage system, and/or
computer program product of the present invention further
comprises explicitly reclaiming the first storage medium
storing remaining valid data thereon so as to create a scratch
medium for reusing 1n the storage system or removing from
the storage system, wherein a time required for the explicitly
reclaiming 1s reduced by utilizing the reading of the target
data 1 response to the read request as a part of the
reclamation.

In some embodiments, the method, storage system, and/or
computer program product of the present invention further
comprises reconciling the first storage medium to delete an
obsolete data, that 1s deleted from the storage system due to
expiration of data, from the first storage medium before the
explicitly reclaiming, thereby further reducing the time
required for the explicitly reclaiming.

In some embodiments, the method, storage system, and/or
computer program product of the present invention further
comprises migrating a newly created data or an overwritten
data in the storage system to a storage medium other than the
first storage medium.

Heremnabove, one or more embodiments and aspects of
the mvention have been described with particular advan-
tages, however, some embodiments may not have above
mentioned potential advantages and these potential advan-
tages are not necessarily required of all embodiments.
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Computer Program Implementation

The present invention may be a computer system, a
method, and/or a computer program product. The computer
program product may include a computer readable storage
medium (or media) having computer readable program
instructions thereon for causing a processor to carry out
aspects of the present mvention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1n each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
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tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of the computer readable program instructions to personalize
the electronic circuitry, 1n order to perform aspects of the
present 1nvention.

Aspects of the present invention are described herein with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart 1llustrations and/or block diagrams, can be 1imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
istructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures illustrate
the architecture, functionality, and operation ol possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion ol instructions, which comprises one or more
executable 1nstructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, i fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are itended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
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“comprising”, when used 1n this specification, specity the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements 1n the
claims below, 1f any, are intended to include any structure,
material, or act for performing the function in combination
with other claimed elements as specifically claimed.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What 1s claimed 1s:
1. A method for reclaiming a storage medium, the method
comprising:

determining, by one or more processors, that a first
storage medium storing data in a linear tape file system
(LTFS) format meets a predetermined condition indi-
cating that the first storage medium should be
reclaimed, wherein the predetermined condition 1s a
policy based, at least 1n part, on a generation of the first
storage medium and on a utilization of the first storage
medium, and wherein the predetermined condition 1s
met when the generation of the first storage medium 1s
older than a first predetermined threshold and when a
percentage of valid capacity for valid files to a total tape
capacity of the first storage medium 1s below a second
predetermined threshold;

responsive to reading requested data from the first storage
medium, and responsive to determining that the first
storage medium meets the predetermined condition,
writing, by one or more processors, the requested data
to a second storage medium 1n the LTFS format,
wherein the second storage medium 1s selected based,
at least 1n part, on a generation of the second storage
medium, wherein the generation of the second storage
medium 1s newer than the generation of the first storage
medium;

subsequent to writing the requested data to the second
storage medium, reconciling, by one or more proces-
sors, the first storage medium to delete expired data;
and

subsequent to reconciling the first storage medium,
explicitly reclaiming, by one or more processors,
remaining data on the first storage medium to the
second storage medium 1n the LTFS format, wherein a
time required for explicitly reclaiming 1s reduced due to
the requested data having already been written to the
second storage medium, and due to the deleted expired
data not having to be written to the second storage
medium.

2. The method of claim 1, turther comprising;:

responsive to writing the requested data, updating, by one
or more processors, metadata for the requested data to
indicate that the requested data 1s stored on the second
storage medium.
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3. The method of claim 1, wherein the storage system 1s
a hierarchical storage system that includes a tape tier having
the first storage medium and the second storage medium,
and one or more upper tiers above the tape tier in the
hierarchical storage system.

4. The method of claim 3, further comprising:

responsive to reading the requested data from the first

storage medium, storing, by one or more processors,
the requested data on at least one upper tier of the one
Or more upper tiers.

5. The method of claim 1, wherein the selection of the
second storage medium 1s further based 1n part on timing of
the read request, frequency of access to the requested data,
or frequency distribution of timing of access to the requested
data.

6. The method of claim 1, further comprising:

migrating, by one or more processors, at least one of

newly created data or overwritten data in the storage
system to a storage medium other than the first storage
medium.

7. The method of claim 1, wherein reconciling the first
storage medium to delete expired data includes:

identifying retention periods for digital documents stored

on the first storage medium, wherein the retention
periods are adapted to meet legal data archival require-
ments; and

responsive to determining that a first digital document’s

respective retention period has expired, deleting the
first digital document.

8. The method of claim 7, wherein the first digital
document’s respective retention period expires when the
first digital document 1s not read, overwritten, or created
within a given time period.

9. A computer program product for reclaiming a storage
medium, the computer program product comprising a com-
puter readable storage medium having stored thereon:

program 1nstructions to determine that a first storage

medium storing data 1n a linear tape file system (LTFS)
format meets a predetermined condition indicating that
the first storage medium should be reclaimed, wherein
the predetermined condition 1s a policy based, at least
in part, on a generation of the first storage medium and
on a utilization of the first storage medium, and wherein
the predetermined condition 1s met when the generation
of the first storage medium 1s older than a first prede-
termined threshold and when a percentage of valid
capacity for valid files to a total tape capacity of the first
storage medium 1s below a second predetermined
threshold;

program 1instructions to, responsive to reading requested

data from the first storage medium, and responsive to
determining that the first storage medium meets the
predetermined condition, write the requested data to a
second storage medium in the LTFS format, wherein
the second storage medium 1s selected based, at least 1n
part, on a generation of the second storage medium,
wherein the generation of the second storage medium 1s
newer than the generation of the first storage medium;
program 1nstructions to, subsequent to writing the
requested data to the second storage medium, reconcile
the first storage medium to delete expired data; and
program instructions to, subsequent to reconciling the first
storage medium, explicitly reclaim remaining data on
the first storage medium to the second storage medium
in the LTFS format, wherein a time required for explic-
itly reclaiming 1s reduced due to the requested data
having already been written to the second storage
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medium, and due to the deleted expired data not having
to be written to the second storage medium.

10. The computer program product of claim 9, the com-

puter readable storage medium having further stored
thereon:

program 1nstructions to, responsive to writing the
requested data, update metadata for the requested data
to indicate that the requested data 1s stored on the
second storage medium.

11. The computer program product of claim 9, wherein the
storage system 1s a hierarchical storage system that includes
a tape tier having the first storage medium and the second
storage medium, and one or more upper tiers above the tape
tier 1n the hierarchical storage system, and the computer
readable storage medium having further stored thereon:

program 1nstructions to, responsive to reading the

requested data from the first storage medium, store the
requested data on at least one upper tier of the one or
more upper tiers.

12. The computer program product of claim 9, wherein
the selection of the second storage medium is further based
in part on timing of the read request, frequency of access to
the requested data, or frequency distribution of timing of
access to the requested data.

13. The computer program product of claim 9, the com-
puter readable storage medium having further stored
thereon:

program 1nstructions to migrate at least one of newly

created data or overwritten data 1n the storage system to
a storage medium other than the first storage medium.

14. The computer program product of claim 9, wherein
reconciling the first storage medium to delete expired data
includes:

identifying retention periods for digital documents stored

on the first storage medium, wherein the retention
periods are adapted to meet legal data archival require-
ments; and

responsive to determining that a first digital document’s

respective retention period has expired, deleting the
first digital document.

15. A computer system for reclaiming a storage medium,
the computer system comprising:

a processor(s) set; and

a computer readable storage medium;

wherein:

the processor set 1s structured, located, connected and/or

programmed to run program instructions stored on the
computer readable storage medium; and

the stored program instructions include:

program 1instructions to determine that a first storage
medium storing data 1 a linear tape file system
(LTES) format meets a predetermined condition indi-
cating that the first storage medium should be
reclaimed, wherein the predetermined condition 1s a
policy based, at least 1n part, on a generation of the
first storage medium and on a utilization of the first
storage medium, and wheremn the predetermined
condition 1s met when the generation of the first
storage medium 1s older than a first predetermined
threshold and when a percentage of valid capacity
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for valid files to a total tape capacity of the first
storage medium 1s below a second predetermined

threshold:;
program 1nstructions to, responsive to reading

requested data from the first storage medium, and
responsive to determining that the {first storage
medium meets the predetermined condition, write
the requested data to a second storage medium 1n the
LTFS format, wherein the second storage medium 1s
selected based, at least in part, on a generation of the
second storage medium, wherein the generation of
the second storage medium i1s newer than the gen-
eration of the first storage medium;

program 1nstructions to, subsequent to writing the
requested data to the second storage medium, rec-
oncile the first storage medium to delete expired
data; and

program 1instructions to, subsequent to reconciling the
first storage medium, explicitly reclaim remaining
data on the first storage medium to the second
storage medium 1n the LTFS format, wherein a time
required for explicitly reclaiming 1s reduced due to
the requested data having already been written to the
second storage medium, and due to the deleted
expired data not having to be written to the second
storage medium.

16. The computer system of claim 15, wherein the stored
program 1nstructions further include:

program 1nstructions to, responsive to writing the

requested data, update metadata for the requested data
to indicate that the requested data 1s stored on the
second storage medium.

17. The computer system of claim 15, wherein the storage
system 1s a hierarchical storage system that includes a tape
tier having the first storage medium and the second storage
medium, and one or more upper tiers above the tape tier in
the hierarchical storage system, and wherein the program
instructions further include:

program 1nstructions to, responsive to reading the

requested data from the first storage medium, store the
requested data on at least one upper tier of the one or
more upper tiers.

18. The computer system of claim 15, wherein the selec-
tion of the second storage medium 1s further based 1n part on
timing of the read request, frequency of access to the
requested data, or frequency distribution of timing of access
to the requested data.

19. The computer system of claim 15, wherein the stored
program 1nstructions further include:

program 1nstructions to migrate at least one of newly

created data or overwritten data 1n the storage system to
a storage medium other than the first storage medium.

20. The computer system of claim 15, wherein reconciling,
the first storage medium to delete expired data includes:

identifying retention periods for digital documents stored

on the first storage medium, wherein the retention
periods are adapted to meet legal data archival require-
ments; and

responsive to determining that a first digital document’s

respective retention period has expired, deleting the
first digital document.
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